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ABSTRACT
While there has been growing interest in small satellites for several years, this has yet to translate into a large
increase in the number of satellites built and launched by government, commercial, and academic users. There are,
however, encouraging trends in several areas in the civil and commercial sectors. This paper qualitatively updates a
previous market study of the demand for low-cost small satellites by identifying emerging opportunities, particularly
renewed interest in technology development and commercial scientific research. This interest, though, is balanced
by emerging competitive threats to smallsats in the form of hosted payloads on larger spacecraft as well as
commercial suborbital vehicles under active development. Growth in low-cost smallsats also requires overcoming
several existing and emerging barriers, most notably the challenge of finding affordable and timely access to orbit as
well as a lack of awareness of smallsats by potential customers and new concerns about orbital debris.
PAST ANALYSES AND ASSUMPTINONS

INTRODUCTION
There has been growing interest for several years in the
capabilities of small satellites, or smallsats, to serve the
needs of government and commercial users. The
challenge for advocates of smallsat systems has been to
identify new markets for such spacecraft outside of
their traditional niches in technology development and
student projects. Although smallsats have become
increasingly capable while maintaining their low costs
relative to larger space systems, they have made limited
inroads into other markets to date.

Potential Markets for Low-Cost Smallsats
While smallsat advocates have implicitly assumed that
there is a substantial market for smallsats throughout
the industry, it has been difficult to quantify the size of
the market (just as it has been difficult to universally
define what a “smallsat” is). Such forecasts, though, are
essential for companies to choose whether to invest in
this field as well as for governments to make decisions
in technology investment and satellite procurement.
Futron previously studied the demand for small
satellites in a study performed for the Air Force
Research Laboratory (AFRL) Phillips Technology
Institute (PTI) at Kirtland Air Force Base, New Mexico,
and published in 2008. In this study, Futron identified
33 potential markets for a notional low-cost smallsat
(100-200 kilograms, lifetime of 1-2 years, total cost of
$5-10 million) in the military, commercial, and civil
space sectors. Research, including interviews with
potential customers, evaluated the potential of each of
those markets.

There are, however, many potential markets that
smallsats could address in the near- to mid-term; the
challenge has been identifying the most promising
markets and the best ways to engage potential smallsat
users in these markets. This also requires an
understanding of the barriers to market acceptance of
smallsats as well as competing technologies, which can
include but are not limited to larger spacecraft.
In 2008 the Futron Corporation published its analysis of
the potential markets for low-cost smallsats in the civil,
commercial, and military sectors.1 This paper provides
a qualitative update of that assessment for the civil and
commercial sectors, based on developments in the
marketplace since the completion of the original study.
This paper also examines some of the key competitive
threats and barriers to smallsat adoption in these
markets.
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The study found six markets most likely to be near-term
users of a low-cost small satellite system:
•
•
•
•
•
•
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Military science and technology
Intelligence, surveillance, and reconnaissance
Remote site communications
Polling of unattended sensors
High-resolution Earth observation
Landsat-class
data
for
environmental
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Those near-term addressable markets represented a
demand of approximately 40 to 75 satellites a year, with
revenue ranging from nearly $300 million to $570
million a year. Those markets could, in addition, help
demonstrate the utility of low-cost smallsat systems,
and thus open up additional markets in the medium- to
long-term.

the top criterion for determining their viability and size.
The ability to quickly develop and deploy smallsats can
be a key competitive advantage for smallsats versus
other space or terrestrial systems.
EMERGING MARKETS
Since the publication of the earlier Futron study, there
have been a number of developments in the space
industry and beyond that would affect the demand for
low-cost smallsats. There have not been any
breakthroughs in smallsat demand, but industry and
government developments may alter the demand in
some commercial and civil markets for such systems.

Key Attributes of Smallsats
Before proceeding with further study of potential
markets of smallsats, it is useful to first examine what
they key attributes of smallsats are: why would a
potential user find a smallsat solution compelling
versus larger spacecraft or terrestrial alternatives?
Understanding these attributes is essential so that
smallsat vendors can optimize their offerings based on
them (recognizing that different customers may have
different top attributes).

NASA Technology Development
Technology demonstration has long been a major use of
smallsats, as such spacecraft can be built quickly and
inexpensively, and the in-space demonstration of the
technology can often be accomplished without
requiring a long lifetime for the spacecraft. Funding for
technology development programs in government
agencies like NASA, however, has been difficult to
come by in recent years.

While cost is frequently cited as the top attribute for
smallsats, a closer examination suggests that cost is
closely intertwined with another key attribute: speed.
Small satellites have the potential to be developed much
more rapidly than larger spacecraft, as they are likely to
be less complex than their bigger counterparts. The
interest by the Defense Department in Operationally
Responsive Space (ORS) is predicated in large part on
the potential to rapidly assemble, test, and launch
satellites in a matter of days to meet urgent warfighter
needs.

The new emphasis on technology development at
NASA as part of the agency’s revised space exploration
strategy, though, could create new opportunities for
smallsats. The fiscal year (FY) 2011 budget proposal
released in February 2010 includes a new “space
technology” line item, funded at $572 million in
FY2011 and over $4.9 billion cumulatively through
FY2015.4 This program includes a variety of programs,
from early-stage technology development efforts to
much larger technology demonstrations.

Speed can also meet the requirements of commercial
and civil customers. In its 2000 study of smallsat
applications for Earth observation programs, the Space
Studies Board identified “time to science” as a major
benefit of smallsats: such missions could be flown
much more quickly than larger spacecraft, allowing for
faster science return for researchers.2 Rapid
development also allows for greater flexibility and
responsiveness to new opportunities or technologies, as
Baker and Worden note.3

Some elements of the budget proposal specifically
identify small satellites. The Small Satellite Subsystem
Technologies (SSST) program would focus on
technologies that “enable small satellites to provide
game changing capabilities for the government and
commercial sectors”. This would focus on maturing
technologies such as formation flying, long-life power
systems, and deployable large apertures, among other
technologies. The program would not itself flight-test
technologies but instead advance their technology
readiness level (TRL) from 3 to 4, and perhaps up to 6.
The program would get $6 million in FY2011 and $126
million through FY2015.

Speed and cost are, in general, closely linked: a
spacecraft build quickly will likely be less expensive
than a larger spacecraft not only due to its size, but
shorter duration of overhead costs such as labor. This
need not always be the case, though: one can imagine
situations where a smallsat is built quickly because it
has access to a larger amount of resources and labor, or
is flying a complex, expensive payload. Similarly, a
low-cost smallsat may be developed over a long period
of time because of limited resources, as is often the case
for student- or other university-built smallsats.

A separate element of NASA’s new space technology
program is the Edison Small Satellite Demonstration
Missions program. This is an actual flight program,
designed to carry out scientific research missions while
also demonstrating key smallsat technologies. Notably,
the program is also intended, as its budget justification
states, to “serve the small satellite community by

This suggests that, in the examination of current or
emerging smallsat markets, that cost alone is not always
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improving the affordability of small payload launch
through secondary payload process improvements and
other development efforts.” This program would get
$10 million in FY2011 and $90 million through
FY2015.

In some cases, smallsats may be able to fill a role for
commercial research users, depending on their specific
needs. The key attributes of smallsats—cost and
speed—are an ideal fit for this application, where
research and development budgets may be limited and
quick turnaround is needed to demonstrate potential
products and bring them to market.

Other elements of NASA’s renewed focus on
technology development could also be met by small
satellites. A separate Technology Demonstration
Missions program, funded at $75 million in FY2011
and nearly $1.4 billion through FY2015, is designed to
perform flight tests of “crosscutting” technologies
(those that can benefit multiple NASA mission
directorates and/or other government agencies and the
private sector). Smallsat missions are neither explicitly
included nor excluded from this program, which has a
cost cap of $150 million per mission. The stated desire
of the program to complete each demonstration mission
within three years would work in favor of smallsats
where technically feasible, though, given the
previously-noted attribute of speed for smallsats.

Smallsats with have limited utility for some research
applications, particularly those that must be humantended or require the return of samples or other items
(instead of simply data) to Earth. An interesting hybrid
of smallsats and ISS research, though, could bridge that
gap: one company, Nanoracks LLC, is using the
CubeSat form factor for hosting experiments on the ISS
at costs similar to the launch of a free-flying CubeSat.
The company launched its first two experiment
platforms to the ISS in 2010; a success in this market
could pave the way for additional utilization of the ISS
using smallsat technologies.
Other Markets

Separately, NASA’s Exploration Systems Mission
Directorate (ESMD) has a new focus on technology
development in the FY2011 budget proposal.5 While
many of these initiatives, particularly in the Flagship
Technology Demonstrators program, will require larger
spacecraft, it is possible that some technologies can
make use of smallsats as part of overall demonstration
efforts. For example, in-orbit propellant transfer and
storage, one technology specifically cited in the budget
justification document, could use smallsats to
rendezvous and dock with an orbiting propellant depot
and receive propellant from it, demonstrating the key
technologies needed for such systems.

Other promising markets in the earlier study, in
particular communications and remote sensing, have
not evolved much since that original analysis. While
three operators of low Earth orbit communications
satellite constellations—Globalstar, Iridium, and
ORBCOMM—have all issued contracts for a new
generation of satellites to replace their existing fleets,
no new entrants have appeared. There has also been
limited interest in remote sensing smallsat systems,
with a greater focus on larger satellites providing higher
resolution
imagery
and/or
carrying
multiple
instruments, in the case of NASA’s Landsat Data
Continuity Mission.

Commercial Research Opportunities

This does not mean that there is no interest in such
applications of smallsats, but instead that these markets
may not be the driving forces for the development of
low-cost smallsat systems as originally projected
compared to technology development and other
research applications. Potential customers, particularly
in the commercial sector, may require greater
demonstration of the cost and capabilities of such
systems before making any investment in them.

The last few years have seen a resurgence in
commercial interest in performing research, in
particular biomedical studies, in space. One company,
Astrogenetix, has flown experiments on several Space
Shuttle missions in an effort to test potential drugs in
the microgravity environment. That effort has led to a
vaccine candidate for Salmonella and work continues
on potential treatments for methicillin-resistant
Staphylococcus aureus (MRSA).6

COMPETITIVE THREATS
Success stories like this may generate additional
demand for commercial research missions. Many of
those efforts may best be accommodated on the
International Space Station (ISS), but limited research
facilities there, cost and scheduling issues, and
challenges getting payloads to and from the station once
the Space Shuttle is retired could complicate efforts by
some potential users to access the station.
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For years advocates of smallsats have seen larger
spacecraft as their major rival. Proponents of smallsat
missions have sought to demonstrate that smallsats can
perform the missions of larger spacecraft, or at least
many of their missions, for a fraction of the cost of
larger spacecraft. Such comparisons, though, can ignore
other alternatives that can compete with smallsats for
various missions. Perhaps the best known examples are
the Globalstar and Iridium constellations of small
3
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satellites, developed and deployed in the 1990s but
whose parent companies were forced to seek
bankruptcy protection almost immediately thereafter.
These companies ran into financial difficulties not from
competition from larger geosynchronous orbit (GEO)
communications satellites but from the rapid
development of more cost-effective terrestrial cellular
telephony systems, undercutting the market for
Globalstar and Iridium.

commercial communication satellite procurement
schedules, such efforts much be relatively fast: the time
from satellite order to launch for a typical commercial
GEO communications satellite is roughly 24-36
months. Moreover, there are multiple opportunities for
hosting payloads, with about 20 such commercial GEO
satellites ordered per year (with some year-to-year
variation).
In
some
cases,
particularly
when
flying
communications payloads, hosted payloads may be
superior to smallsat solutions that would be unlikely to
be considered. While there has been some study of the
potential effectiveness of GEO smallsats to meet niche
government needs (such as providing transponders in
frequency bands not served by commercial providers),
government interest now appears to be more in terms of
flying hosted payloads; integrating an X-band or UHF
transponder on a commercial communications satellite
may be far less complex and expensive than flying it as
a standalone mission.

Similarly, current competitive threats to smallsats
extend beyond larger satellites or even terrestrial
systems. In the last few years two new capabilities have
emerged that could compete with smallsats for some of
the types of missions that ordinarily would be wellsuited to smallsats, as discussed below.
Hosted Payloads
The concept of the “hosted payload”, as defined by the
Office of Space Commercialization within the U.S.
Department of Commerce, is “the utilization of
available capacity on commercial satellites to
accommodate additional transponders, instruments, or
other spacebound items.”7 Such payloads are integrated
into such spacecraft, rather than as a separate spacecraft
that is launched as a secondary payload with a larger
commercial satellite. (Confusingly, for a time hosted
payloads were also known as “rideshare payloads”,
although government and industry officials have since
standardized on the hosted payloads name to avoid any
conflict with secondary payloads.)

Hosted payloads like CHIRP are potentially more of a
competitive threat to smallsats, as this is a case where a
hosted payload is being used for a role—technology
development—once synonymous with smallsats. The
success of a mission like this, coupled with the steady
stream of mission opportunities on future commercial
GEO spacecraft, could provide competition to smallsats
for this class of missions.
One factor working against hosted payloads as a
competitor to smallsats for technology demonstration
missions is the conservative approach taken by satellite
operators. The total cost of a new GEO
communications satellite (including launch, insurance,
and other expenses) is typically in the range of a few
hundred million dollars, but that spacecraft may
generate several times that much in revenue over the
course of its life. Given those stakes, operators tend to
be very conservative in the risks they’re willing to
accept on a spacecraft. Any potential technology
demonstration hosted payload—or any other hosted
payload, for that matter—would have to clearly
demonstrate it could not pose a threat to the spacecraft,
a philosophy that means that certain technology
demonstration missions would be better served by
dedicated smallsat missions instead. Secondarily, if
faced with a number of potential hosted payload
options, a satellite operator is more likely to choose a
longer-lived communications or remote sensing
payload over a short-lived technology demonstration
mission, particularly if the operator generates revenue
from the payload’s owner on an ongoing, rather than
upfront, basis.

In the last several years there has been growing interest
among U.S. government agencies and commercial
satellite operators and manufacturers in hosted
payloads. The Federal Aviation Administration has Lband transponders on two commercial satellites, Anik
F1R and Galaxy 15, to support the Wide Area
Augmentation System (WAAS) as part of its GPS
navigation system. (The transponder on Galaxy 15 has
since been lost due to the failure of the spacecraft in
April 2010.) The Intelsat 14 spacecraft, launched in late
2009, carries a hosted payload called the Internet
Router In Space (IRIS) for the Defense Department.
The SES-2 satellite, scheduled for launch in 2011, will
carry the Commercially Hosted Infrared Payload
(CHIRP), an Air Force experiment to test infrared
sensors for future missile warning and defense
applications.
Hosted payloads are attractive to government users for
a number of reasons, including some that are among the
key attributes of smallsats. Because the payload can be
hosted on another satellite, it can be much less
expensive to fly an experiment as a hosted payload that
by building a complete satellite. Also, by the nature of
Foust
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Suborbital vehicles, of course, are not suited for
applications that require extended exposure to
microgravity (currently-planned vehicles can offer up to
about five minutes of microgravity of varying quality)
or Earth observation time. It is possible that suborbital
vehicles and smallsats may, over time, become
complimentary: repeated suborbital flights can allow
researchers to refine experiments or test technologies
for later flight on smallsats or other spacecraft.

Commercial Suborbital Vehicles
For over a decade a number of entrepreneurial space
companies have been developing reusable suborbital
vehicles intended to carry people and/or cargo on
flights to altitude of 100 kilometers or greater before
returning to Earth. One company, Scaled Composites,
successfully built and tested such a vehicle,
SpaceShipOne, which made three suborbital flights into
space in 2004, capturing the $10-million Ansari X
PRIZE in the process. Scaled Composites is now
working with Virgin Galactic to develop a larger
follow-on vehicle, SpaceShipTwo; flight tests of the
vehicle and its carrier aircraft, WhiteKnightTwo, are in
progress as of mid-2010. Other companies actively
developing suborbital vehicles include Armadillo
Aerospace, Blue Origin, Masten Space Systems, and
XCOR Aerospace.

BARRIERS TO SMALLSAT UTILIZATION
Even without competition from space-based or
terrestrial alternatives, smallsat systems face a number
of barriers to adoption by potential customers. Some of
these barriers are the same that have hindered the use of
smallsats by civil and commercial customers for years,
while others are emerging as new hurdles to be
overcome by smallsat proponents.

Many of these vehicles were initially designed
primarily to serve the space tourism market, flying
paying customers for prices of $100,000 to $200,000
each. In the last one to two years, though, there has
been growing interest from scientists to use these
vehicles for research applications, from biomedical
studies to technology demonstration. The Suborbital
Applications Researchers Group (SARG), a working
group of the industry trade organization the
Commercial Spaceflight Federation, has been
promoting the use of suborbital vehicles for research
applications. SARG organized the Next-Generation
Suborbital Researchers Conference in February 2010
that brought together about 300 people from academia
and industry to discuss the use of these vehicles for
research.

Access to Orbit
Perhaps the longest running and largest barrier to
smallsat utilization has been the challenge of getting
smallsats into orbit in a timely and cost-effective
manner. The cost and speed attributes of smallsats are
negated if it takes years to find a flight opportunity or
requires many times the cost of the satellite to get it
launched. The industry has long recognized this
problem and has sought various solutions, from
secondary payload opportunities to new low-cost small
launch vehicles.
The last few years have seen no breakthroughs in
access to space for smallsats, but there has been some
progress and potential for future positive developments.
The Falcon 1 launch vehicle by Space Exploration
Technologies Inc. (SpaceX) has successfully flown
twice, including launching the Malaysian smallsat
RazakSAT in 2009. SpaceX is making the Falcon 1
more capable, but also more expensive: the Falcon 1e
variant, which replaces the Falcon 1, will be able to
launch up to 1,000 kilograms to low Earth orbit for
$10.9 million a launch. This indicates that the Falcon 1e
will be best suited for multimanifesting small satellites,
rather than dedicated launches (except for the more
massive end of the smallsat spectrum).

NASA has also taken an increased interest in such
vehicles. In 2009 the agency created the Commercial
Reusable Suborbital Research (CRuSR) program to
support the flight of experiments on such vehicles. The
program has a small amount of funding in 2010, but the
FY2011 budget proposal funds CRuSR at $15 million
in 2011 and $75 million through 2015. That funding
will be used primarily to fund flight opportunities of
experiments on commercial suborbital vehicles.
For some research and technology demonstration
applications, suborbital vehicles pose a competitive
threat to smallsats. These vehicles can provide low-cost
and frequent access to space, potentially far more
frequently than smallsats, enabling rapid iteration and
development of technology demonstration missions. In
addition, many of the planned commercial suborbital
vehicles can carry people, allowing for human-tended
experiments (or even experiments involving humans), a
capability not possible in space outside of the
International Space Station at this time.
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At the smaller end of the smallsat continuum, there are
developments that may prove promising for satellite
developers in the near future. In 2009 Virgin Galactic
announced that it was pursuing development of a
smallsat launcher that would be launched from its
WhiteKnightTwo aircraft in place of its SpaceShipTwo
suborbital vehicle. Development of the smallsat launch
system, called LauncherOne, is supported by $100
million provided by an Abu Dhabi-based fund, Aabar
Investments. Reports indicate the system would be
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designed to launch up to 200 kilograms for as little as
$2 million a launch.8

perception in some quarters that smallsats, in particular
CubeSats, contribute to the debris problem.9 The small
size of such spacecraft can make them difficult to track,
and very small spacecraft lack propulsion systems or
other means to deorbit, meaning they contribute to the
orbital debris hazard for many years after their missions
end.

Other suborbital vehicle developers, including Masten
Space Systems and XCOR Aerospace, have expressed
interest in developing nanosatellite launch systems,
designed to launch satellites weighing on the order of
10 kilograms for as little as $500,000. Should these
systems be funded, they could offer a low cost and
responsive means of launching smallsats, which could
meet the needs of technology development and other
research users.

One solution to this problem is to mandate that
smallsats have systems to allow them to deorbit at the
end of their lifetime, be it through thrusters or other
devices. One concept under study by Surrey Satellite
Technology Ltd. is a “CubeSail” that will would
deploy, creating additional drag that lowers the
satellites orbit at an accelerated rate.10 Adoption of such
systems can reduce concerns about the contributions
smallsats make to orbital debris and thus lower that
barrier to greater use.

Proof of Concept Demonstrations
An ongoing challenge for smallsat advocates has been
making potential users aware of the capabilities of such
spacecraft when they may only be familiar with features
(and disadvantages) of larger spacecraft. Futron’s
previous study of potential smallsat markets found that
many potential customers had not considered smallsats
because they either were not aware of their current
capabilities or had concluded that such spacecraft could
not meet their needs, even if the state of the technology
had advanced to the point where they could.

CONCLUSIONS
Low-cost smallsats continue to have potential for
serving a number of markets beyond their traditional
niches in areas like technology development. However,
just as in our earlier examination of potential markets
for such systems, a lack of awareness of their
capabilities have hindered their adoption, along with
other major barriers such as limited launch options.
There has been little progress in dealing with these
issues, and the situation is further complicated by
emerging competitive alternatives, including hosted
payloads and suborbital research.

The last two years have not seen any major
improvement in smallsat awareness. The lack of major
breakthroughs in smallsat systems means than there are
still many potential users who are either ignorant of
smallsats as a solution to their needs or have concluded
that they are insufficient. Smallsats advocates still face
an uphill battle in finding new customers for such these
spacecraft.

New
developments—ironically
in
technology
development, a core market for smallsats today—may
help alleviate these problems. NASA’s renewed push
for technology demonstration missions, some of which
explicitly include smallsat missions and technologies,
and provide new momentum for smallsat development.
These missions, as well as new interest in commercial
scientific research in orbit, will provide additional
demand for smallsat missions, which in turn can
demonstrate their capabilities for customers in other
markets whom had not previously considered using
smallsats.

In Futron’s previous study we recommended the
development of additional “proof of concept” missions
that demonstrated the ability of smallsats to perform
missions like communications and Earth observation.
The need for such demonstrations remains strong today,
although how those demonstrations should be
developed, and by whom, is an open question.
Orbital Debris
Concerns about orbital debris, and general space traffic
management issues, have grown considerably in the last
few years, particularly in light of the 2007 Chinese antisatellite weapon test that generates a large amount of
debris in low Earth orbit as well as the 2009 collision
between an Iridium and a Cosmos satellite that also
generated considerable debris. These and other events
have contributed to a growing awareness of the need to
mitigate the growth of the orbital debris population and
even find ways to remove debris from orbit.

Several steps need to occur for these emerging markets
to leverage greater growth in the smallsat field. First,
the technology development program proposed in the
FY2011 budget submission must be funded by
Congress, a process that had barely started at the time
this paper was completed. The smallsat-specific
programs in the budget proposal are relative low-profile
and noncontroversial compared to other aspects of the
budget proposal, but that does not insulate them from
potential cuts depending on the outcome of the budget
deliberations.

Orbital debris is an issue for smallsats not because of
the threat debris poses to such spacecraft, but the
Foust
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A second key step is to take measures to improve
access to space for smallsats. While new developments
in smallsat-specific launchers are promising, they may
take several years to enter service, with no guarantee of
ever doing so depending on technical and financial
issues. However, there are other steps smallsat
proponents can take now, primarily by utilizing excess
capacity on larger launch vehicles that today is often
wasted. One solution would be for NASA or another
government agency to work with other government
customers and industry launch providers to establish a
coordination scheme to identify missions with excess
capacity and payloads by agencies, companies, and
universities seeking access to orbit, be it for clusters of
CubeSats or for larger smallats.
Finally, a better understanding of the potential market
for smallsats is required. This paper is a qualitative
analysis of emerging opportunities, built upon a more
quantitative study performed several years ago. A more
rigorous analysis of the market is required, though, to
better understand changes in potential smallsat markets
over the last several years as well as to delve into issues
not examined in the previous study, such as the degree
of price elasticity in the market and specific technical
requirements potential customers may have for smallsat
missions. This information can better inform industry
and government to help them identify key smallsat
technologies that should be pursued as well as other
unmet needs of potential customers.
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